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ABSTRACT
Shiga toxin producing Escherichia coli (STEC) are dangerous foodborne pathogens. Foods are
considered as important sources for STEC infection in human. In this study, STEC contamination of
rawmeats was investigated and the virulence factors of 120 clinical STEC strains characterized. STEC
was detected in 4.4% of tested samples. Among 25 STEC strains from meats, five strains (20%) were
positive for the eae gene, which encodes intimin, an important binding protein of pathogenic STEC.
The remaining strains (80%) were eae-negative. However, 28% of them possessed the saa gene, which
encodes STEC agglutinating adhesin. The ehxA gene encoding for enterohemolysin was found in 75%
of the meat strains and the subAB gene, the product is of which subtilase cytotoxin, was found in 32%
of these strains. The stx2a gene, a subtype of Shiga toxin gene (stx), was the most prevalent subtype
among the identified meat STEC bacteria. None of the meat STEC was O157:H7 serotype.
Nevertheless, 92% of themproduced Shiga toxin (Stx). Among 120 clinical STEC strains, 30% and 70%
strains harbored single and multiple stx subtypes, respectively. Most clinical STEC bacteria possessed
eae (90.8%) and ehxA (96.7%) genes and 92.5% of them showed Stx productivity. Our study shows that
some raw meat samples contain non-O157 STEC bacteria and some strains have virulence factors
similar to those of clinical strains.
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Shiga toxin-producing Escherichia coli, also known as
verotoxin-producing E. coli, are dangerous pathogens
that can cause diseases in human ranging from mild
diarrhea to serious conditions such as HC, HUS and
death (1). STEC serotype O157:H7 is frequently
associated with outbreaks or sporadic cases of illness;
however, non-O157 STEC strains have also been
found to cause HC or HUS (2). The STEC strains are
characterized by the ability to produce one or more
Stx. The Stx family consists of two groups designated
as Stx1 and Stx2 (3). Stx1 is a highly conserved group
consisting of three variants, Stx1a, Stx1c and Stx1d (4,

5), whereas Stx2 is a diverse group composed of seven
distinct variants, namely Stx2a, Stx2b, Stx2c, Stx2d,
Stx2e, Stx2f and Stx2g (6). Among these variants, some
toxins are frequently found in the STEC strains that
can cause severe illness in human (7, 8). Production of
Stx alone is usually insufficient for STEC strains to
cause disease. Studies have shown that accessory
virulence factors such as intimin, enterohemolysin,
STEC auto-agglutinating adhesion and subAB, which
are encoded by eae, ehxA, saa and subAB genes,
respectively, are usually needed for STEC to be
pathogenic (3, 9).
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Shiga toxin-producing Escherichia coli infections in
humans occur mainly through ingestion of contaminat-
ed foods (10). Cattle have been identified as the main
reservoir of STEC (11). Contamination of carcasses with
STEC may occur during slaughtering and processing.
Thus, raw meats, especially ground meats, are at high
risk of STEC contamination. Several investigations of
STEC presence in rawmeats have been carried out in the
past few years (12–15). However, to enable development
of effective STEC control strategies, better understand-
ing of their prevalence and virulence gene profiles is still
needed. The aim of this work was to determine the
presence and characteristics of STEC from raw meats
and characterize the main virulence factors of clinical
STEC strains that had previously been isolated from ill
humans for reference purposes.

MATERIALS AND METHODS

Sampling and culture enrichment

From 2009 to 2010, 293 raw-ground meat samples,
including 97 of beef, 26 of pork, 23 of chicken and 147 of
mixed beef–pork, were purchased from three retail
stores near the Hakozaki campus of Kyushu University,
Fukuoka-Japan. The samples were kept in a cool box
while being transported to a laboratory and processed
immediately upon arrival. Each sample (25 g) was
homogenized with 225mL sterilized modified EC broth
containing 20mg/L of novobiocin (mECþ n) (Eiken
Chemical, Tokyo, Japan) by Pulsifier (Microgen, Surrey,
UK) for 15 s. The homogenates were then incubated
overnight at 42 °C.

Detection of stx genes and isolation of
STEC from meats

For the detection of stx genes in raw meat samples,
bacterial cells (1mL) were harvested from the overnight
cultures and used for DNA extraction using a DNeasy
tissue kit (Qiagen, Hilden, Germany) according to the
manufacturer's instructions. The extracted DNA sam-
ples were used as templates for PCR targeting of stx1 or/
and stx2 genes of STEC bacteria using EVT and EVS
primer sets, respectively (16). The PCRwas carried out in
a 25mL reaction mixture consisting of 2.5mL 10� PCR
buffer (Takara Bio, Kyoto, Japan), 0.5mL of 2.5mM
deoxynucleotide triphosphate mixture, 0.25mL of
0.2mM each primer (Takara Bio), 0.125mL of Taq
DNA polymerase (Takara Bio), 20.375mL sterilized
distilled H2O and 1.0mL template DNA. The genomic
DNA from E. coli O157:H7 harboring both stx1 and stx2
genes andK-12 strains were used as positive and negative
controls, respectively. The thermal cycling included an

initial denaturation step at 94 °C for 2min, followed by
35 cycles of denaturation at 94 °C for 30 s, annealing at
55 °C for 1min, and extension at 72 °C for 1min, with a
final extension at 72 °C for 5min. The amplicons were
examined by agarose gel electrophoresis and viewed by
using gel photographing system (Cosmos Biotech,
Tokyo, Japan).

To isolate STEC bacteria from meat samples positive
for stx genes, bacterial selective culture was incorporated
into a colony-PCR method. Five milliliters of the
corresponding enrichment broth were inoculated into
45mLMacConkey broth (Merck, Darmstadt, Germany)
and incubated at 37 °C for 13 hr. After incubation, 1mL
of the culture was withdrawn and serially diluted with
PBS. The dilution (100mL) was spread over CHROMa-
gar O157 (CHROMagar, Paris, France) supplemented
with cefixime (0.05mg/L) and tellurite (2.5mg/L) and
incubated overnight at 37 °C. Plates with approximately
300 colonies were chosen and up to 30 colonies per
sample were picked up for colony PCR using the same
primers as in the detection step described above. The
colonies that were positive for stx genes were re-streaked
on the same agar, confirmed by the same PCR and stored
in tryptic soy broth (Becton Dickinson, Oxford, UK)
containing 25% (vol/vol) glycerol at�80 °C for later use.

Characterization of isolated and clinical
STEC strains

A RiboPrinter System (DuPont Qualicon, Boston, MA,
USA) was used according to the manufacturer's
instructions to identify the species of the isolated
bacteria. The identified bacterial strains were then
subjected to serotyping. The O-antigen groups of the
STEC from meats were determined by using an O-
antisera kit (Denka Seiken, Tokyo, Japan) according to
the manufacturer's instructions. The O-antigen identifi-
able STEC strains were then tested for the presence of H-
antigen type by using an H-antisera kit (Denka Seiken)
according to the manufacturer's instructions.

To compare the virulence profile between STEC
strains isolated from meats and humans, 120 clinical
STEC strains (33 non-O157 and 87 O157 serotype) were
subjected to characterization testing. The clinical
bacteria had been isolated from subjects with food
poisoning by the Fukuoka City Institute for Hygiene and
Environment, Fukuoka City, Japan during human health
monitoring programs from 1997 to 2006 and their
characteristics had not been fully determined before this
study. The virulence genes of the STEC strains were
determined by PCR. Briefly, bacteria were cultured in
5mL tryptic soy broth at 37 °C overnight. The culture
broth (1mL) was used for DNA extraction as described
above. The obtained DNA samples were used as
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templates for PCR. The presence of stx subtypes was
determined by PCR as described byHe et al. (17). The eae
gene was detected by using eae-F: 50-GGCGATTACGC-
GAAAGATAC-30/ eae-R: 50-GGCCTGCAACTGTGAC-
GAAG-30 primers designed in our laboratory. For
detection of the ehxA and saa genes, primers developed
by Quinones et al. (18) were employed. The PCR for eae,
ehxA and saa genes was carried out as follows: an initial
denaturation at 94 °C for 5min, followed by 35 cycles
consist of 94 °C for 45 s, 55 °C for 60 s, 72 °C for 60 s and
final extension at 72 °C for 10min. For detection of the
subAB gene, the primers developed by Funk et al. (19)
were used.
Production of Shiga toxin by the meat and clinical

STEC strains was determined by using a VTEC RPLA kit
(Denka Seiken). Briefly, the STEC strains were cultured
in brain heart infusion agar (Oxoid, Cambridge, UK)
overnight at 37 °C. The bacteria were harvested and
suspended in 1mL of PBS containing 5000 units/mL
polymyxin B (Naclai Chemicals, Tokyo, Japan). The
bacterial suspensions were incubated at 37 °C for 30min
and centrifuged at 900 g for 15min. The cell pellets were
then discarded. Shiga toxin in the supernatant was
detected using Verotoxin-RPLA kit according to the
manufacturer's instructions. Titers of Shiga toxin were
defined as the reciprocal of the highest dilution that gave
a positive reaction in the VTEC-RPLA assay. Titers less
than 2 were interpreted as negative.

RESULTS

Detection of stx genes and isolation of
STEC from raw meats

According to PCR detection of stx genes, all four meat
types were positive after enrichment culture. The details
of the PCR are shown in Table 1. stx genes were detected
in 56 of the 293meat samples examined (19.1%). The stx2
gene was more frequently positive (14.7%) than the stx1
gene (6.8%). Both stx1 and stx2 genes were positive in
seven samples (2.4%). Regarding meat types, the stx-

positive rates of beef, pork, chicken and beef–pork were
19.6%, 23.1%, 17.4% and 18.4%, respectively. There was
no significant difference between samples in the stx-
positive rate (P> 0.05).

All meat samples positive for stx genes were subjected
to STEC isolation, the results are shown in Table 1. STEC
bacteria were recovered from 13 of the 56 samples
analyzed (23.2%), accounting for 13/293 (4.4%) of all the
samples. More than one STEC isolate was sometimes
recovered from one sample (data not shown); thus, there
were 25 isolates all together. The rates of STEC isolation
were 7.2%, 3.8%, 0% and 3.4% for beef, pork, chicken and
beef–pork, respectively (Table 1). There was no signifi-
cant difference between beef and pork samples in the rate
of STEC isolation (P> 0.05). The PCR results showed
that 5/25 (20%) and 20/25 (80%) isolates were positive
for stx1 and stx2 genes, respectively (Table 1). None of
them contained both genes. The stx1-harboring STEC
were isolated from beef samples only, whereas stx2-
harboring STEC were recovered from beef, pork and
beef–pork samples (Table 1).

Ribotyping and serotyping of STEC from
raw meats

The Ripoprinter system verified all 25 meat STEC
isolates as E. coli (data not shown). The O-antigens of 8/
25 isolates (32%) were determined; these belonged to
four serogroups, namely O1, O6, O74 and O91. None of
them were typed as O157 serogroup (Table 2). The
remaining 17/25 isolates (68%) had O-antigen untype-
able (designed as OUT). H-antigen tests on the eight
STEC isolates whose O-antigens had been were identi-
fied showed that they consisted of three H-groups,
namely H21, H9, and H� (H-antigen non-motile)
(Table 2).

Characterization of virulence genes of
meat and clinical STEC

The virulence characteristics of 25 meat STEC strains are
listed in Table 2. Subtyping tests on the five stx1-positive

Table 1. Detection of stx genes and isolation of STEC bacteria from raw meats

Meat
type

No. of
samples
analyzed

Detection of stx genes Isolation of STEC bacteria

No. of positive
samples (%)

No. of samples positive for gene (%)
No. of positive
samples (%)

No. of STEC isolate positive for gene

stx1 stx2 stx1 and stx2 stx1 stx2 stx1 and stx2

Beef 97 19 (19.6) 9 (9.3) 13 (14.4) 3 (3.1) 7 (7.2) 5 6 0
Pork 26 6 (23.1) 1 (3.8) 5 (19.2) 0 1 (3.8) 0 4 0
Chicken 23 4 (17.4) 2 (8.7) 3 (13.0) 1 (4.3) 0 0 0 0
Beef–pork 147 27 (18.4) 8 (5.4) 22 (15.0) 3 (2.0) 5 (3.4) 0 10 0
Total 293 56 (19.1) 20 (6.8) 43 (14.7) 7 (2.4) 13 (4.4) 5 20 0
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strains showed that they all had stx1a gene only. None of
them possessed other subtypes such as stx1c or stx1d. stx2a
was the most prevalent variant, being found in 10/25
strains(40%), followed by stx2e (24%), stx2d (20%), stx2b
(8%) and stx2g (8%). Three stx2 subtype combinations
were identified in the stx2-positive group (Table 2).
Characterizations of accessory virulence genes from
meat STEC showed that five stx1a-containing strains
were also positive for eae gene, whereas all 20 stx2-
positive isolates were negative for this gene. The ehxA,
saa and subAB genes were found in 15/25 (75%), 7/25
(28%) and 8/25 (32%) STEC strains, respectively
(Table 2).
Of the 120 clinical STEC strains, 19 (15.8%), 32

(27.7%), and 69 (57.5%) strains were positive for stx1,
stx2, and stx1 and stx2 genes, respectively. stx-subtyping
showed that 36/120 strains (30%) had only a single stx
subtype, either stx1a, stx2a, stx2b or stx2c, whereas the
remaining 84/120 strains (70%) had combinations of
four, three and two stx subtypes (Table 3). Among the
stx1-positive strains, all were subtyped as stx1a variant; six
strains additionally had the stx1c gene. In the stx2-
positive group, stx2a was the most prevalent subtype,
being found in 77/101 strains (76.2%), followed by stx2b
(41.5%), stx2c (31.6%) and stx2d (1.9%). None of the
clinical STEC strains contained stx1b, stx2e, stx2f or stx2g
genes (Table 3). Additional virulence gene characteriza-
tion of clinical STEC showed that 109/120 (90.8%) and
116/120 (96.7%) strains had eae and ehxA genes,
respectively. All 11 strains (0.09%) that were negative

for eae gene belonged to the non-O157 group. Only 1/4
ehxA-negative strains were STEC O157, the other three
strains were non-O157. There were 3/11 eae-negative
STEC strains (27.2%) that were positive for subAB gene.
Of these three subAB-positive STEC, two strains
contained saa gene and the remaining STEC serotype
O128:H2 was negative for this gene (Table 3).

Shiga toxin production

Shiga toxin production by meat and clinical STEC is
shown in Tables 2 and 3, respectively. Among 25 meat
STEC strains, 23 strains (92%) produced varying
amounts of Stx toxin, the titers ranging from 2 to
2048. Only two strains of serotype O74:H� that had stx2g
gene did not produce any toxins. Of the 120 clinical
STEC bacteria, 9 strains (7.5%) did not produce toxins,
whereas the remaining strains (92.5%) produced varying
titers of Stx. Among the nine clinical STEC strains
negative for Stx, eight strains (88.8%) were O157:H7
serotype and the other was O128:H- STEC.

DISCUSSION

Consumption of food contaminated with STEC bacteria
can cause infection in humans. However, detection of
STEC in foods is not always easy because of several
factors, including the following: (i) STEC bacteria are
usually present in small numbers compared with the
background micro-flora in food samples; (ii) the

Table 2. Virulence characteristics of STEC strains isolated from raw meats

Meat type Serotype stx gene subtype (no. of strains)

Accessory virulence gene Shiga toxin titer by RPLA

eae ehxA saa subAB Stx1 Stx2

Beef OUT:Hnd 1a (2) þ þ – – þ
1a (3) þ þ – – þ
2a (1) – þ þ þ þ
2a, 2d (1) – þ þ þ þ
2a, 2d (2) – þ þ þ þ
2a, 2b (1) – þ – þ þ
2a (1) – þ þ þ þ

Pork OUT:Hnd 2e (2) – – – – þ
2b, 2e (1) – – – – þ
2e (1) – – – – þ

Beef–pork O1:H21 2a (2) – – – – þ
O6:H9 2e (1) – – – – þ
O74:H� 2g (2) – þ – – � [2]
O6:H� 2e (1) – – – – þ
O91:H21 2d (2) – – – – þ
OUT:Hnd 2a (2) – þ þ þ þ

Hnd, H-antigen not determined.
Square brackets denote number of strains negative for Stx.

© 2015 The Societies and Wiley Publishing Asia Pty Ltd 117

Flavaglines as CHIKV entry inhibitors



Table 3. Virulence characteristics of clinical STEC strains

Serotype stx gene subtype (no. of strains)

Accessory virulence gene Shiga toxin titer by RPLA

eae ehxA saa subAB Stx1 Stx2

O103:H2 1a (1) þ þ – – þ
1a, 1c (1) þ þ – – þ

O103:H� 1a (1) þ þ – – þ
O111 1a, 2a, 2b (1) þ þ – – þ þ
O111:H- 1a (2) þ þ – – þ
O114:H19 2a (1) þ þ – – þ
O119:H- 1a (2) – þ – – þ
O121:H19 2a (1) þ þ – – þ
O128:H- 2a (1) – þ – – �[1]
O128:H2 1a, 1c, 2b (1) – þ – þ þ þ
O152:H� 1a (1) þ þ – – þ
O26 1a (4) þ þ – – þ

1a, 2a (1) þ þ – – þ þ
1a, 1c, 2a (1) þ þ – – þ þ

O26:H11 1a (1) þ þ – – þ
1a, 2a (1) þ þ – – þ þ
1a, 1c, 2a (1) þ þ – – þ þ
1a, 1c, 2a, 2b (1) þ þ – – þ þ
1a, 2a, 2b (1) þ – – – þ þ
1a, 1c, 2a (1) þ þ – – þ þ

O6:H� 2a (1) – þ þ þ þ
O74:H� 2b, 2d (1) – þ – – þ
O8:H19 2d (1) – – – – þ
O91:H� 1a (2) – þ – – þ
OUT 1a (1) – – – – þ

1a (1) – þ – – þ
OUT:H� 2a (1) – þ þ þ þ
O157 2a (1) þ – – – þ

2c (1) þ þ – – þ
2a (4) þ þ – – þ
2a, 2b, 2c (2) þ þ – – þ
2a, 2c (1) þ þ – – þ
1a, 2a (26) þ þ – – þ þ
1a, 2a, 2b, 2c (5) þ þ – – þ þ
1a, 2a, 2b (6) þ þ – – þ þ

O157:H� 2a, 2c (1) þ þ – – þ
1a, 2b, 2c (2) þ þ – – þ þ
1a, 2a, 2b, 2d (1) þ þ – – þ þ

O157:H7 1a (1) þ þ – – þ
2b, 2c (4) þ þ – – [2]
2a, 2b, 2c (1) þ þ – – þ
2c (3) þ þ – – þ
2a (2) þ þ – – þ
2a, 2b (1) þ þ – – þ
2a, 2c (3) þ þ – – þ
1a, 2a (6) þ þ – – þ þ
1a, 2b (5) þ þ – – � [1] � [3]
2b (1) þ þ – – [1]
1a, 2a, 2b, 2c (4) þ þ – – þ [1]
1a (1) þ þ – – þ
1a, 2b, 2c (5) þ þ – – þ þ

Square brackets denote number of strains negative for Shiga toxin (Stx).
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detection methods require a specific protocol that can
discriminate STEC from nonpathogenic E. coli; and (iii)
STEC strains that have only partial virulence profiles are
also present in these samples. In this study, raw meats
were screened for the presence of stx-genes. Contami-
nation of these samples by STEC bacteria was confirmed
by isolation of viable cells. The virulence characteristics
of STEC isolates from meats were then analyzed and
compared with those from humans to assess the possible
risk.
The PCR revealed that all four meat types were

positive for stx genes (Table 1), suggesting that these
meats were contaminated with STEC bacteria. However,
viable STEC strains were isolated from only 13/56 stx-
positive samples (23.2%), accounting for 4.4% of all
samples. A failure to recover STEC from samples
positive for stx genes has also occurred in previous
studies (13, 15). Possible reasons for this include the
presence of very small numbers of STEC cells that could
not be isolated on the selective agar and the presence of
stx-carrying phages in the meat samples (20, 21). The
overall prevalence of STEC in meats in our study was
4.4%, which is higher than the 1.75% reported by Fantelli
et al. (22), but lower than the 5.2% identified by Ju
et al. (15) and the 21.7% reported by Barlow et al. (23). In
our opinion, these discrepancies may originate from
differences in either the studies' locations or the testing
methods used in each analysis.
Shiga toxin-producing Escherichia coli are heteroge-

neous, carrying various virulence genes, not all of which
are equally pathogenic for humans (24, 25). Thus,
characterization of the virulence genes of STEC is
important for risk estimation. We found that 20% and
70% of STEC isolates from meats and clinical samples,
respectively, contained multiple stx subtypes. This
finding implies that most clinical STEC strains have
much more complex stx subtypes than meat strains.
In meat STEC, the stx1 gene is reportedly less

prevalent than the stx2 gene and most stx1-positive
strains (90%) are subtyped as stx1a variant (15). We
observed a similar trend in our study: only 20% of strains
from meats were positive for stx1 and all of them were
subtyped as stx1a subtype. Even though stx1a-positive
strains were not abundant in our meat STEC isolates, the
fact that they all additionally carried eae and ehxA genes,
which are considered critical virulence markers for
STEC's pathogenesis (3) and that these were also found
in 90.8% and 96.7% of clinical STEC strains, respectively
(Table 3), persuades us that these five meat STEC strains
are pathogenic for humans.
Among the stx2 subtypes, stx2a has been considered a

typical virulence gene that is frequently detected in STEC
strains causing HC or HUS (25). We identified this

subtype regularly in our study, 76.2% of clinical STEC
strains being positive for stx2 gene subtyping as stx2a.
Several studies have reported finding the stx2a gene not
only in clinical strains but also in those from fresh
produce (56%) (26) and natural cheese (40%) (27).
However, data on the presence of stx2a gene in STEC
strains isolated from rawmeats are limited. In theUSA, it
was found in 65.7% of STEC strains isolated from
ground beef (13). Our finding that 40% of meat STEC
isolates was positive for stx2a is comparable with the
above reported data and suggests that stx2a gene
probably circulates widely in STEC strains from raw
meats. Despite being negative for eae gene, 7/10 stx2a-
positive strains (70%) were additionally positive for both
ehxA and saa genes, which are thought to contribute to
STEC's pathogenicity by acting as a cytotoxin (28) and
facilitating attachment to intestinal cells (29), respec-
tively. Considering the contribution of these two genes to
STEC as well as the virulence gene recognized in two
clinical STEC (O6:H�; OUT:H�) (Table 3), it can be
assumed that these seven strains of eae-negative STEC
isolates can cause human illness.

In contrast with the stx2a gene, stx2b alone was not
frequently detected from STEC strains causing HC or
HUS (30). stx2b has been seen in STEC strains from deer,
goat and sheep meats (31). In our meat STEC strains, we
found stx2b in association with other stx2 variants in 8%
of samples. This rate suggests that stx2b may occur
infrequently among STEC strains from pork and beef.
These findings are supported by the study of Ju et al. (15),
who recently performed a study that was almost identical
to ours and also found the stx2b gene in only 3% of STEC
strains from ground meats.

Of the Stx-variants, Stx2d has a unique working
mechanism whereby its toxicity can be increased a
thousand-fold following activation of elastase in the
intestinal mucus (32). Ju et al. reported that in the USA,
28.1% of STEC strains from ground meats contained
stx2d gene (15). Because we also analyzed STEC strains
from ground meats and observed the presence of stx2d
gene in 20% of these bacteria, it can be postulated that
meat STEC strains can bear the toxic stx subtype like the
stx2d gene. Furthermore, among the five stx2d-positive
STEC from meats, two strains of serotype O91:H21 that
were stx2d-positive and eae-negative should be treated
carefully because STEC serotype O91:H21, which
harbors the same virulence gene designations, has
been found to cause human illness (33, 34).

Research has shown that the stx2e gene is identified
mainly in pig or pork STEC isolates (15, 31, 35). It was
the second most common stx2 variant in our meat STEC
isolates (24%). The high prevalence of stx2e gene in meat
STEC may be explained by the fact that 173/293 meat
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samples (59%) analyzed in the present study consisted of
only pork (26 samples) or pork mixed with beef (147
samples). Logically, the rate of successful isolation of
stx2e-positive STEC strains would be high in samples of
pork origin. Despite the fact that STEC strains with the
stx2e gene were quite common among STEC strains from
meats, they were all negative for eae, ehxA, saa or subAB
genes. Regarding the virulence gene composition of
these stx2e-positive STEC strains, they seem to be confer
low risk or be harmless for humans.
Since the first description of the stx2g gene in STEC

strains from cattle by Leung et al. (36), some studies have
recorded low frequencies of this gene in STEC strains
fromvarious sources such as gamemeats and ready-to-eat
meat products (12.5%) (37), fresh produce (2.2%) (26)
and other food such as wildlife meat, raw milk and raw-
milk cheese (2.7%) (12). In our study, we also detected the
stx2g gene at a low rate (8%) inmeat STEC isolates. Prager
at al. reported that stx2g-harboring STEC strains were
negative for eae and ehxA genes in their study as well as in
others (38). Thus, it is probable that STEC strains
containing both stx2g and ehxA genes like ours are rarely
found. Interestingly, the STEC strains positive for stx2g in
our studies were serotyped as O74:H�. To the best of our
knowledge, STEC O74:H� containing stx2g gene has not
been previously reported. Although the pathogenic
potentials of the stx2g-positive STEC strains for humans
have not yet been evaluated (38), our stx2g-positive strains
containing ehxA gene deserve attention.
The subAB gene is usually detected in eae-negative

STEC (9). SubAB causes some pathogenic characteristics
typical of Stx-induced HUS in vivo (39). In the present
study, we found that eae-negative STEC strains from
meats and humans were positive for the subAB gene at
40% and 27.2%, respectively (Tables 2 and 3). Even
though Stx is a major virulence factor of STEC bacteria,
the fact that subAB can induceHUS by damaging human
microvascular cells (40) and directly participates in
causing diarrhea in children (41), suggests that the
presence of subAB gene in STEC strains may increase
their risk for humans.
The most predominant serotype associated with HC

andHUS are STECO157:H7 and their presence inmeats
has been reported for some years (11, 21, 42, 43).
However, in the current study, we detected no STEC
O157:H7 serotypes in raw meats. This is probably
attributable to the low prevalence of O157:H7 serotype
in Japan, as recently announced in a report of the
national food surveillance system (44). The absence of
O157:H7 in our meat STEC probably reflects the current
true prevalence of this serotype; however, it definitely
should not be considered a safe marker for STEC from
raw meats because we recovered other serogroups such

as O1, O6, andO91 that are also associated with HC and/
or HUS (45).

Among culture supernatants of 25meat STEC isolates,
23 strains (92%) were positive for Stx. Two strains of
serotype O74:H� that were positive for stx2g and ehxA
genes were negative for Stx. The lack of Stx in these two
strains is not surprising because stx2g-positive STEC
strains not producing Stx have also been identified in
some studies, these findings being attributed to the
presence of stx2g pseudogene or mutations (12, 38, 46).
Eight STECO157:H7 strains from humans were negative
for Stx production by VTEC-RPLA assay (Table 3).
Furthermore, even after induction by mitomycin, five of
these eight strains did not produce Stx2 (data not
shown). Currently, there is little information about
STEC O157 that are negative for Stx production.
Nonetheless, these findings probably relates to mecha-
nisms such as the small amounts of Stx released in the
culture being undetectable by kit, Stx not being released
into culture because of problems of secretion; or STEC
bacteria carrying defective phage DNA (47, 48).

In summary, this study was designed to explore the
prevalence and virulence characteristics of STEC
bacteria isolated from raw meats and to compare them
with the virulence traits of STEC from clinical samples.
We found that 4.4% of raw meat samples were
contaminated with non-O157 STEC bacteria. Some of
STEC strains isolated from meat had virulence factors
that were similar to those of the strains isolated from
human illness. Compared with the meat STEC strains,
those from humans usually had more complicated
virulent gene compositions.
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